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PREFACE
This dissertation is comprised of a series of 
experiments along with data on the growth characteristics of 
natural populations of two species of Louisiana Iris and 
their hybrids. Each chapter considers a particular factor 
that may affect the zonation of the two parental species and 
their hybrids. All chapters have been prepared in manuscript 
form for the purposes of publication.
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ABSTRACT
Iris fulva and Iris hexaoona have overlapping geographic 
ranges in Louisiana; in areas of overlap hybrids are fairly 
common. Iris hexaoona occupies the borders of freshwater 
marshes of southern Louisiana while fulva can be found 
farther north along edges of natural levees, canals and 
swamps. An area of hybridization (hybrid zone) can be found 
where bayous penetrate the freshwater marsh. The objective 
of this research was to investigate some of the factors 
affecting habitat differentiation of fulva. I . hexaoona. 
and their natural hybrids ("Hybrid Purple" and "Hybrid Red”) . 
A three year field study was conducted to determine the 
survival, growth, and reproductive characteristics of these 
taxa. Additionally, three greenhouse experiments were 
undertaken to examine shade tolerance, competitive ability, 
and salt tolerance. Results from field data found that 
hybrids had the highest survival rate while X l. fulva had the 
lowest. Iris hexaoona generally had the highest clonal 
growth rate. Hybrids were generally intermediate 
morphologically. Iris fulva and X*. hexagona were not 
significantly different in reproductive fitness and both had 
greater reproductive capacity than the hybrids. The shade 
tolerance experiment revealed X*. fulva to be more tolerant of 
shading than X*. hexaoona and the two hybrids. Iris hexaoona 
was greatly affected by all levels of shade. The 
competition experiment demonstrated that X±. fulva was a
weaker competitor than either X*. hexagona or a natural 
hybrid. Iris hexagona and the hybrid were equally 
competitive. Results from the salt tolerance experiment 
indicated that X* fulva was less salt tolerant than 
X j. hexagona and the hybrids. In sum, results indicate that 
the taxa are segregated across a complex environmental 
gradient. It is hypothesized that X*. fulva with its greater 
shade tolerance, weaker competitive ability, lesser salt 
tolerance, and reduced clonal growth is displaced from the 
marsh by X*. hexagona and confined to the natural levee. Iris 
hexagona with its greater clonal growth, competitive ability, 
and salt tolerance but lesser shade tolerance appears to be 
best adapted to the freshwater marsh habitat. The hybrid 
zone appears to represent an ecotone between parental 
habitats where there may be a selective advantage for the 
hybrid taxon.
INTRODUCTION
For more than 50 years, the Louisiana iris has been 
included in discussions on the process of natural 
hybridization of plants. In 1931, J. K. Small published his 
"Botanical Interpretation of Iridaceous Plants of the Gulf 
States" in which he described 96 different species of Iris. 
Later taxonomic treatments reduced most of these species to 
the non-specific status with a large number of species being 
hybrids between Iris fulva and Iris hexaoona. This work was 
done primarily by Viosca, Riley, and Foster in the mid 
1930’s. In 193 6, Edgar Anderson published a taxonomic 
treatment of the northern blue flags. Later in 194 9, in his 
classic book, Introoressive Hybridization, Anderson cited 
the Louisiana irises, .L_ fulva. I . hexaoona and their 
natural hybrids, as a paradigm of the process of 
introgressive hybridization.
To date, the only ecological work has been done by Percy 
Viosca, and that in 1935. This work was published by the 
American Iris Society in its bulletin and was a descriptive 
study based on his observations of the taxa growing in the 
wild. Until the present time there has been no testing of 
the ideas set forth in his paper. Although Louisiana irises 
and their hybrids show up in textbooks and journals whenever 
there is a discussion of natural hybridization and plant 
hybrid zones, there is virtually no empirical data on the 
growth characteristics and habitat differentiation of
these species. No data is available on the hybrids created 
by these species growing in the natural environment. 
Therefore, the objective of this research was to gain a 
clearer understanding of the habitat differentiation of 
L. £ulva and hexagona, and to determine the reasons for 
the persistence of the hybrids in the hybrid zone.
I have attempted to put Viosca's ideas in the form of 
hypotheses in order to test them. The main abiotic factors 
that Viosca suggested to affect the distribution and zonation 
of the taxa were shading, competitive ability, and salt 
tolerance. In order to test these hypotheses I conducted 
experiments in the greenhouse in addition to a field 
demographic study of the taxa. This dissertation represents 
an analysis of these hypotheses.
CHAPTER I
NICHE DIFFERENTIATION OF IRIS FULVA, IRIS HEXAGONA, AND THEIR
HYBRIDS
1
ABSTRACT
Iris fulva Ker Gawler and Iris hexaoona Walter are two 
parapatric species that produce natural hybrids in the area 
of habitat overlap {hybrid zone) in Louisiana. The 
objectives of this study were (1) to determine the basis for 
niche differentiation between the two Iris species and (2) to 
determine the reasons for persistence of hybrid populations 
in the hybrid zone. To accomplish these objectives, a three 
year study was conducted to determine the survival, growth, 
and reproductive characteristics of natural populations of 
both Iris populations. Results from field populations found 
that hybrids had the highest survival rate while X*. fulva had 
the lowest. Further, "Hybrid Purple" populations had the 
lowest rate of seedling establishment with X*. hexaoona 
populations exhibiting the highest rate. In contrast to 
these population characteristics, both clonal growth and 
"estimated reproductive fitness" were lowest for the hybrids. 
Of all the taxa, I*, hexaoona generally had the highest clonal 
growth rate. Morphologically, hybrids were intermediate to 
the parent taxa in leaf length, but the leaves were more 
narrow. When taken as a whole, these results indicate (1) 
that X_i. hexaoona is adapted to a more open habitat and has a 
greater rate of clonal spread compared to fulva and (2) 
that the persistence of hybrid populations results primarily 
from a high survival rate of hybrids.
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INTRODUCTION
In southern Louisiana there are two species of Iris and 
their hybrids with differing distributions. Iris fulva Ker 
Gawler and Iris hexagona Walter are parapatric species that 
naturally produce hybrids in their areas of geographic 
overlap {Viosca, 1935) . Viosca (1935) described fulva as 
being found in diffuse populations in the shade of trees 
along the edges of bayous and canals formed by the 
Mississippi deltaic system. Viosca (1935) also suggested 
that X* hexaoona could be found in relatively dense 
populations along the borders of swamps and freshwater 
marshes on the Gulf Coast. Both species are largely 
geographically separated outside of Louisiana. Iris hexagona 
typically is found along the Gulf Coast, while 
I . fulva tends to follow the Mississippi River from Illinois 
south to Louisiana. In Louisiana natural hybridization 
between the two species occurs when bayous and canals 
fI . fulva habitat) penetrate the freshwater marsh 
(I . hexagona habitat) resulting in a wide array of hybrid 
floral coloration (Viosca, 1935) .
A variety of hypotheses (Endler, 1977; Moore, 1977; Levin 
and Schmidt, 1985) have been presented to explain the 
dynamics of narrow hybrid zones such as is found in 
Louisiana. In the case of Louisiana irises, there are three 
factors that could either singly or in combination contribute 
to the persistence of hybrid populations, (1) a rapid rate of
hybridization, (2) a high rate of survival of hybrids, and 
(3) a high rate of successful reproduction by hybrids. If 
hybrids have low survival, a sufficiently high rate of 
hybridization could, by itself, cause a persistent hybrid 
population. This would especially be true if the hybrid zone 
was a disturbed site where competitive displacement of 
hybrids was reduced. Likewise, if hybrids had a high rate of 
successful reproduction, persistence of populations would be 
favored. Finally, a high survival rate resulting from 
vegetative vigor, even with a low rate of sexual reproduction 
by hybrids, could promote hybrid persistence.
The above hypotheses provide a framework from which to 
view the the possible outcomes of natural hybridization. 
However, in order to evaluate these general hypotheses fully, 
it is necessary to understand the niche differences that 
contribute to the habitat segregation of taxa and determine 
how the taxa differ in their morphological and growth 
characteristics. Viosca (1935) described the general habitat 
affinities for the Iris taxa, yet a clear understanding of 
the niche differences among these taxa was lacking.
Therefore, the objective of this study was to characterize 
the morphological and demographic characteristics of 
populations of the Iris species and their hybrids in order to 
address two main questions: (1) How do the taxa differ in 
form and dynamics? Specifically, are there differences among 
the taxa in (a) growth form (leaf length and leaf width); (b) 
clonal growth (vegetative production of genetically identical
5units, ramets, which consist of a rhizome with its associated 
leaves, rhizome, roots and inflorescence); (c) rhizome growth 
(indeterminate elongation of ramet rhizomes); (d) survival 
(ramets and clonal fragments); (e) sexual reproduction (i.e. 
incidence of flowering, flowers per inflorescence, capsules 
per inflorescence, germination percent); (f) and seedling 
establishment? If there are differences, then how might they 
contribute to habitat segregation among the taxa? (2) What 
factors contribute to the persistence of hybrids within the 
hybrid zone? In an attempt to answer these questions a three 
year field study was undertaken to measure the clonal growth, 
morphology, and demography of X j. fulva. I . hexaoona and their 
natural hybrids.
MATERIALS AND METHODS
Louisiana irises typically flower in late March through 
April with fruits maturing at the end of July and early 
August. Sampling periods were scheduled to coincide with 
flowering time to enable accurate field identification of 
taxa.
The sampling period ran from the spring of 1986 through 
the spring of 1988 in southern Louisiana. A total of 1062 
ramets were measured in 6 locations (Fig. 1). Included in 
the study were four 1X2 m quadrats of i*. fulva (brick red 
flower) in East Baton Rouge Parish, two quadrats of 
JLl. hexaoona (light blue flower) in St. Martin Parish, two 
quadrats of £±_ hexagona in Terrebonne Parish, and four 
quadrats of a purple flowered hybrid (similar to Small's 1931 
description of Iris violfpurprea Small) in Assumption Parish 
(Fig. 1).
The hybrid populations examined in the present study 
occurred in two adjacent areas: a highly disturbed site
occupied by a hybrid swarm (HP#1) and a less disturbed site 
occupied by a more uniform population (HP#2). HP#1 has been 
in existence for at least 80 years and contains an array of 
floral colors from purple-blue to wine color. HP#2 is 
located on the edge of a swamp near the hybrid swarm 
population. In this population a purple-flowered hybrid 
(HP#2 population) is the predominant hybrid type. Arnold, 
Bennett, and Zimmer (in press) and Bennett, Grace, Arnold,
and Zimmer (submitted) have confirmed the hybrid status of 
this population. Iris hexaoona individuals are also present 
in the hybrid zone and occur in large light gaps throughout 
the swamp.
When the research sites were established, I selected 
patches of Irises with distinct boundaries and relatively 
high densities. The plants were tagged by inserting a 
length of wire with a metal tag into the substrate beside the 
end of each ramet rhizome of a clonal fragment. A clonal 
fragment is defined here as a group of interconnected ramets 
that may represent a genetic individual. I use the term 
clonal fragment instead of genet (a set of ramets derived 
from a single seed; Harper, 1977) because at the time of 
sampling the genetic Identity of a group of ramets could not 
be determined (Angevine and Handel, 1986).
The following measurements were made for each ramet of a 
clonal fragment: length and width of the longest leaf, number 
of seed capsules produced per scape, and establishment of new 
seedlings. Seed production and germination were also 
determined for the taxa. The mean number of seeds per 
capsule was determined using 30 seed capsules randomly 
collected from each of the taxa. The capsules were collected 
near each of the taxa's quadrats in 1987. I did not collect 
the capsules from the tagged individuals in order to allow 
for seedling establishment within the quadrats. The percent 
seed germination was determined using one thousand seeds of 
each of the taxon. The seeds were then germinated in pots
8placed inside a greenhouse.
Fifty clonal fragments each of JL*. fulva. I . hexaaona 
(IF#1, and IH#1 populations) and "Hybrid Purple" within HP#1 
were measured in the spring of 1986. In the spring of 1987 
new quadrats were established in new populations because of 
the partial loss of tags from the 1986 populations. At this 
time 100 clonal fragments each from X j. fulva. I . hexaaona 
(IF#2 and IH#2) and "Hybrid Purple" populations (HP#2) were 
tagged. The 1987 quadrats were again measured in the spring 
of 1988 at which time ramet rhizome growth and survival, 
incidence of flowering, and seedling establishment were 
noted.
All data were statistically analyzed using the Systat 
(Systat, Inc.) program. The analysis for the demographic 
data was a 3X2 factorial Analysis of Variance (P<.05) (Steel 
and Torrie, 1980). Fishers Protected least significant 
differences (FP lsd, PC.05) test was used to detect 
differences among the taxa. G statistic 2X3 contingency 
table analysis was utilized to test differences between the 
observed and expected incidence of flowering, ramet and 
clonal fragment survival, and clonal fragments that produced 
new ramets for the three taxa.
RESULTS
Niche differentiation of the taxa was first assessed in 
term of vegetative growth. Iris hexaaona populations had a 
significantly greater increase in rhizome length than either 
I . fulva or "Hybrid Purple" populations (Table 1; Fig. 2).
The mean production of ramets in the 1987-1988 growing season 
also differed among the taxa (Table 2; Fig 3). Iris hexaaona 
had the greatest production of new ramets followed by 
la. fulva and "Hybrid Purple" respectively (Fig. 3) . In 
general "Hybrid Purple" fragments produced no more than 3 new 
ramets, while I.hexaaona had a maximum of 10 ramets produced 
by a single fragment, and !_*. fulva had a maximum of 9 ramets 
produced. When I examined the number of clonal fragments 
that produced new ramets I found significant differences in 
the observed vs. the expected frequency among the taxa (Table 
5). Iris hexaaona had the greatest number of clonal 
fragments that produced new ramets followed by X*. fulva. with 
"Hybrid Purple" having the smallest number of fragments that 
produced ramets.
All of the taxa had a limited number of new seedlings 
becoming established during the 1987-88 growing season. Iris 
hexaaona (IH#2) had the greatest number of new seedlings 
established with 29, while X j. fulva (IF#2) had 10 and "Hybrid 
Purple" (HP#2) had 7.
Differences among the taxa were found for the width and 
length of the longest leaf for ramets that did not flower
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(Table 3; Fig 4). Leaves from flowering ramets were excluded 
because of general morphological differences between 
flowering and non-flowering ramets. Leaf length differed 
significantly among all taxa. Iris fulva had the shortest 
leaves and it. hexagona had the longest with the "Hybrid 
Purple" intermediate (Fig. 4 A ) . There were differences 
among the taxa in width of the longest leaf (Fig. 4 B ) . 
"Hybrid Purple's" leaves were significantly more narrow than 
the other two taxa. Iris hexaaona had the broadest leaves 
with it. fulva intermediate (Fig. 4 B) . The variance of the 
leaf length and leaf width for "Hybrid Purple" was not any 
greater than for the two parental types.
There were significant differences among the taxa in the 
number of flowers per inflorescence (Table 3). Iris fulva 
had a significantly higher number of flowers per 
inflorescence than the other taxa (Fig. 4). Iris hexaaona 
and the "Hybrid Purple" were not significantly different in 
number of flowers (Fig. 4). A test for the incidence of 
flowering by the clonal fragments of the taxa was also 
performed and I found no significant differences between taxa 
(Table 5). It should be noted that typically only one ramet 
of a clonal fragment produced an inflorescence.
There were differences among taxa in the production of 
seed capsules (Table 3). Capsules per inflorescence for 
I. fulva (x =3.0) and I . hexaaona (X =3.0) were significantly 
greater in their habitats than "Hybrid Purple" (x=2.2) in its 
habitat (Fig. 4 D ) . I found from the analysis of the mean
number of seeds per capsule (Table 4) that X*. fulva had a 
mean of 38.0 seeds, X*. hexaoona had a mean of 32.0 seeds, and 
the "Hybrid Purple" had a mean of 24.4 seeds (Pig. 5). 
Finally, in the analysis of seed germination of the taxa 
(n = 1,000 seeds/taxon), X*. -ful^a had 38% germination,
I . hexaoona had 45% germination, and the "Hybrid Purple" had 
33% germination. Using the above data, an "estimate of
t
reproductive fitness" (ERF) which represents the potential 
seedlings produced per flowering ramet for each of the taxa 
in their habitats can be calculated:
ERF = (capsules/inflorescence)X(seeds/capsule)X(percent 
germination).
From this calculation I found that X j. fulva had an ERF of 
43.3 (potential seedlings per flowering ramet), I . hexaoona 
had an ERF of 43.2, and the "Hybrid Purple" had an ERF of 
17.7.
There were sharp differences in survival of ramets and 
clonal fragments among the taxa (Table 5). The "Hybrid 
Purple" had a higher percent survival rate of ramets and 
clonal fragments than either of the parental types. Iris 
hexaoona had a ramet survival rate of 73% and a clonal 
fragment survival rate of 92% while Xj. fulva had the lowest 
survival rate of ramets (58%) and clonal fragments (77%) .
DISCUSSION
A clearer understanding of the niche differentiation of 
the taxa may be gained by an analysis of their growth in 
their respective habitats. Viosca (1935) stated that 
I . fulva*s habitat was the shaded natural levees formed by 
the Mississippi deltaic system, while hexagona* s typical 
habitat was the edges of freshwater marshes and swamps that 
border the Gulf of Mexico. The data presented here are 
consistent with this generalization.
The general morphology (leaf length, width, and size 
differences) among the taxa was divergent. Iris fulva. the 
smallest taxon, had the shortest leaves, smallest rhizomes 
(pers. obs .), and narrower leaves than 1*. hexaoona. Iris 
hexaaona. the largest taxon, is a robust iris with longer 
leaves and a rhizome that is approximately twice the size of 
I . fulva. The "Hybrid Purple" has a distinctly different 
phenology than the parental species. "Hybrid Purple” in 
general appearance is similar to ij. hexaoona. However, at 
closer inspection there are some apparent differences.
"Hybrid Purple" was intermediate in leaf length but had the 
narrowest leaves. The rhizomes of the hybrid are smaller 
than Ij_ hexaaona (pers. obs.) but larger than .L. fulva*s 
rhizome. These data suggest that all taxa have distinct 
morphologies with the hybrid generally intermediate in 
overall mass (pers. obs.).
Iris fulva in its habitat had less ramet rhizome growth,
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new ramet production, and survival (ramets and clonal 
fragments) than X». hexaoona had in its habitat. These 
differences in clonal growth have been further confirmed 
under uniform conditions (see Chapter IX). Iris hexaoona 
with its greater rhizome growth and greater ramet production 
may be able to compete with the other plants that are 
prolific in the freshwater marsh. Iris fulva with weaker 
clonal growth would be better adapted to the more shaded 
environment that is found along the natural levee where there 
are fewer herbacious plants. Further, I suggest that 
I . fulva would be displaced from the marsh by the more 
vigorously growing plants.
The above information can be utilized to characterize 
the niche differentiation between the species. Iris fulva 
appears to have adapted to a less productive environment 
(heavy shade) , while X*. hexaoona occupies a more open and 
productive habitat (borders of marshes). Iris fulva is 
physiologically capable of growing at least as well in the 
more productive conditions that Xj. hexaoona occupies, yet it 
is rarely found growing in the freshwater marsh (pers. obs.). 
Results indicate also that the smaller of the two species,
I . fulva. with its reduced clonal growth would be displaced 
by Xi. hexaoona from the more productive habitat and confined 
to the more shaded habitat. Furthermore, in terms of the 
understory herb community, the more shaded habitat of the 
natural levee would have less competition. The larger 
species, X*. hexaoona. however, with its greater clonal growth
would be better adapted to the more open habitats of the 
freshwater marshes. Thus, I suggest that these two species 
have broadly overlapping fundamental niches (Fig. 6) but 
little overlap in realized niches (Fig. 6). Consistent with 
the finding of Grace and Wetzel (1981), Keddy (1989), the 
case for the Iris species appears to one where there exists 
an inverse relationship between niche width and competitive 
ability.
Concerning the question of why hybrid populations 
persist, the data presented in this chapter indicate that the 
most important factor is a high rate of survival for clonal 
fragments and ramets. Estimates of reproductive fitness for 
hybrids were significantly lower than those observed for the 
parent species. Further, rates of clonal growth were 
slightly lower than those for X*. fulva and substantially 
lower than those for Xj. hexaaona. However, rates of sexual 
reproduction and clonal growth are high enough to contribute 
somewhat to the persistence of hybrid populations. The data 
suggests that the hybrids are successful in maintaining 
themselves within the hybrid zone.
The available data suggest that the hybrid zone may 
represent an ecotone between the habitats of the parental 
species (Fig. 6). Due to the unique nature of hybrids, at 
least in terms of vegetative traits, it may be that the 
hybrids are somewhat adapted to the intermediate conditions 
of the hybrid zone. This ecotone could then represent a 
"tension zone" (Key, 1974) across an environmental gradient
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between JLl. fulva and .L. hexaaona. Moving from the shaded 
habitat of X*. fulva to the open habitat of i*. hexaoona there 
may be a zone where a combination of factors (biotic and 
abiotic) could provide a selective advantage to the hybrid.
Finally, what is the relationship of hybrid swarm 
populations to other hybrid populations such as "Hybrid 
Purple" populations? Hybrid swarms are generally thought to 
be the result of the "hybridization of the habitat" (i.e. 
disturbed habitats; Anderson, 194 9). Theoretically the 
hybrid swarm would contain a whole array of hybrid 
recombinant types (many with reduced fitness) which could 
persist as long as the habitat was sufficiently disturbed to 
preclude competitive exclusion or "swamping" by the parental 
taxa. This appears to be the case in the hybrid swarm (HP#1) 
sampled in 1986. However, if the area of overlap between the 
two Iris species were to remain undisturbed then natural 
selection could presumably operate to select for a few 
recombinant hybrid types within that zone. The hybrid 
population (HP#2) sampled in 1987 and 1988 may be of this 
type.
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Table 1. A One-Way Analysis of Variance of ramet growth 
between 1987 and 1988. Differences between taxa means were 
analyzed using Fishers Protected least significant difference 
test (P < 0.05) (see Fig. 2).
Source df SS MS F P
Taxaa 2 1502.426 751.213 33.005 0.0001
Error 358 8148.176 22.76
Total 360 9650.601
a Taxa = Iris fulva. Iris hexacrona and a "Hybrid Purple." 
Data collected from populations IF#2, IH#2, and HP#2 in 1988.
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Table 2. A One-Way Analysis of Variance of new ramet 
production by clonal fragments that produced new ramets. 
Differences between taxa means were analyzed using Fishers 
Protected least significant difference test (P < 0.05)
(See Fig. 3).
Source df SS MS F P
Taxaa 2 25.579 12.790 4.063 0.021
Error 78 2545.556 3.148
Total 80 271.136
a Taxa = Iris fulvar Iris hexaoona and a "Hybrid Purple," 
Data collected from populations IF#2, IH#2, and HP#2 in 1988.
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Table 3. A 3X2 Factorial Analysis of Variance of some 
characteristics of Iris fulva. Iris hexagona. and a "Hybrid 
Purple." Differences between means for these parameters were 
analyzed using Fishers Protected least significant difference 
test (P < 0.05) (see Fig. 4).
Character
Leaf Lencrth Leaf Width #Flower #Capsules
Source df MS P MS P MS P MS P
Taxaa 2 134239.56 * * 6.09 ** 33.43 ** 7.14 **
Popb 1 26161.96 ** 0.59 ns 0.52 ** 2.54 ns
Taxa*Popc 2 5861.71 ** 1.43 ns 1.00 ns 0.18 ns
Taxad 2 134239.56 * ---- ----
* P < 0. 05, ** P < 0.001 , ns = not significant ( P > 0.05) .
a Taxa = Iris fulva, Iris hexagona. and "Hybrid Purple." 
b Population = Iris populations sampled in 1986 and Iris 
populations sampled in 1987.
c Manova on this interaction term was significant 
(P = 0.001) .
^ Used the Mean Square of the interaction term when 
significant to retest the model.
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Table 4. A One-Way Analysis of Variance of seeds per 
capsule. Differences between taxa means were analyzed using 
Fishers Protected least significant difference test 
(P < 0.05) (See Fig. 5).
Source df SS MS F P
Taxaa 2 2801.356 1400.678 4.885 0.0098
Error 87 24947.133 286.749
Total 90 2748.489
a Taxa = Iris fulvaf Iris hexacronaf and a "Hybrid Purple." 
Data collected from populations IF#2, IH#2, and HP#2 in 1987.
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Table 5. 2x3 contingency table analysis of three Iris taxa 
for the 1987-1988 growing seasons; A. survival of ramets, 
and clonal fragments. B. clonal fragments that produced new 
ramets. C. and the incidence of flowering by clonal 
fragments.
Population3
IH#2 IF#2 HP#2
A. Survivorship of ramets (%) . 73 57 87
n=l 64 n=187 n=151
G = 36.172 P <.05
Survivorship of clonal 92 79 96
fragments (%) n=99 n=100 n=101
G = 16.18 P <.05
B. Clonal fragments that 54 34 20
produced a ramet (%) n=99 n=100 n=101
G = 24.104 P <.05
C. Incidence of flowering 26 31 22
by clonal fragments (%) n=99 n=100 n=101
G « 3.422 P >.05 (ns)
a The populations sampled in 1987-1988: IH#2 (!_*. hexagonal.
IF#2 C L  fulval, and HP#2 ("Hybrid Purple").
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Fig. 1. A map of Louisiana showing the location of the 
populations of X j. fulva. I . hexaaona and their hybrids used 
in the demographic analysis. The populations are as follows:
A = X*. fulva population sampled in 1986 (IF#1) .
B = X* fulva population sampled in 1987 and 1988 (IF#2).
C = Xj. hexaaona population sampled in 1986(IH#1) .
D = Hybrid swarm population sampled in 1986 (HP#1).
E = "Hybrid Purple" population sampled in 1987 and 1988 
(HP#2).
F = X±. hexaaona population sampled in 1987 and 1988 
(IH#2).
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Fig. 2. Mean ramet rhizome growth for .L. hexagona (IH), 
(IF), and "Hybrid Purple" (HP) from 1987 to 1988.
Differences between taxa for each parameter were analyzed 
using Fishers Protected lsd (PC. 05), Means that are not 
significantly different have the same letter at the top of 
each bar (refer to Table 1 for ANOVA results). Vertical bars 
represent 1 SE.
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Fig. 3. Net ramet production of new ramets by clonal 
fragments for 1*. hexaaona (IH), JL,. fulva (IF), and "Hybrid 
Purple" (HP) from 1987 to 1988. Differences between taxa for 
each parameter were analyzed using Fishers Protected lsd 
(P<.05). Means that are not significantly different have the 
same letter at the top of each bar (refer to Table 2 for 
ANOVA results). Vertical bars represent 1 SE.
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Fig. 4. The means of JL. hexagona (IH), £*. fulva (i f ), 
and "Hybrid Purple" (HP) for: A. Leaf length, the length of
the longest leaf of each ramet. B. Leaf width, the width of
the longest leaf of each ramet. C. Flowers per
inflorescence. D. Seed capsules produced per flowering
ramet. Differences between taxa for each parameter were 
analyzed using Fishers Protected lsd (PC.05). Means that are 
not significantly different have the same letter at the top 
of each bar (refer to Table 3 for ANOVA results). Vertical 
bars represent 1 S E .
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Fig. 5. Seeds produced per capsule. Capsules were 
randomly collected from populations of fulva (IF#2),
I . hexaaona {IH #2), and "Hybrid Purple" (HP#2) in 1987. 
Differences between taxa for each parameter were analyzed 
using Fishers Protected lsd (PC.05). Means that are not 
significantly different have the same letter at the top of 
each bar (refer to Table 4 for ANOVA results). Vertical bars 
represent 1 SE.
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Fig 6. Model of niche differentiation of X*. fulva (IF), 
i*. hexaaona (IH), and their hybrids along an environmental 
gradient (refer to text for discussion).
CHAPTER II
SHADE TOLERANCE AND ITS EFFECT ON THE ZONATION OF 
IRIS FULVA, IRIS HEXAGONA, AND THEIR HYBRIDS
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ABSTRACT
Iris fulva Ker Gawler and Iris hexaaona Walter have 
overlapping geographic ranges in Louisiana and in areas of 
overlap hybrids are fairly common. Viosca (1935) suggested 
that one principal explanation for the segregation of the two
species is that JL*. fulva grows best in semishade such as is
found along natural levees while, 1^ . hexaaona grows best in 
the more open habitat of the freshwater marsh. A greenhouse 
study was conducted using rhizomes collected from the field 
to test this hypothesis and determine the relative shade 
tolerance of two natural hybrid types. Iris fulvar
I . hexaaona. and the two hybrid taxa were grown under 0%
(control), 50% (medium shade), and 80% (high shade) reduction 
of sunlight for 6 months and then harvested. Iris fulva was 
found to be more tolerant of shading than i*. hexaaona and the 
two hybrids. Further, .L. fulva was found to grow as well in 
low shade as in medium shade. Both hybrid taxa were more 
shade tolerant than X* hexaaona. Iris hexaaona was greatly 
affected by all levels of shade. In general, the results 
suggest that these hybrids are intermediate to the parental 
taxa in terms of shade tolerance.
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INTRODUCTION
Several hypotheses have been proposed by various authors 
to explain the dynamics of a narrow hybrid zone between 
parapatric species similar to that reported for the Louisiana 
irises. Barton and Hewitt (1981) suggested that a narrow 
hybrid zone is maintained between two divergent genotypes by 
a "conflict between natural selection and dispersal" which 
results from low hybrid fitness. Endler (1977) defined the 
hybrid zone as one where there is an increased variability of 
fitness and morphology (a natural consequence of Mendelian 
segregation). Moore (1977, 1979), and Levin and Schmidt 
(1985) suggested that selection may favor the hybrids within 
the hybrid zone.
The Louisiana iris provides an exemplary system in which 
to analyze the dynamics of a narrow hybrid zone. The iris 
taxa used in this study are Iris fulva Ker Gawler, a small 
brick-red iris, and Iris hexaoona Walter, a very large blue 
iris. These parapatric species hybridize freely in southern 
Louisiana. Several authors have described the natural 
distributions of these taxa (Small, 1930; Small and 
Alexander, 1931; Viosca, 1935; Riley, 1938, 1939; Anderson, 
1949; Randolph, Mitra, and Nelson, 1961; Randolph, Nelson, 
and Plaisted, 1967). Consistent with other authors, Viosca 
(1935) observed that i*. fulva is typically found along the 
edges of bayous and canals of the Mississippian floodplain 
while X j. hexacrona normally occupies the borders of fresh to
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slightly brackish marshes along the Coastal Floodplain. In 
places where a deltaic ridge extends into a marsh,
I . hexaoona and .L. fulva co-occur and hybrids result (Viosca, 
1935) . The resulting distribution of these taxa is one where 
I . fulva and hexaoona are largely separated geographically 
with the hybrids confined to those areas where the species 
co-occur.
In the case of Louisiana irises three possible 
alternative hypotheses may be used for predictions of growth 
and persistence of hybrids in the region of geographic 
overlap of JL*. fulva and JL*. hexaoona: (1) Hybrids have low
relative fitness compared to either it fulva or 1^ . hexaoona. 
but new hybrid individuals are produced (by crossing of 
parents or by hybrids crossing) at a rate faster than that at 
which hybrids die (the "Inferiority" Hypothesis). (2)
Hybrids have a relative fitness similar to that of their 
parental species for the narrow set of environmental 
conditions where they occur. Where fitness is relatively 
similar, natural selection is insufficiently precise to 
eliminate any of the taxa (the "Equality" hypothesis). (3)
Hybrids have a relative fitness superior to the parental 
species for the set of environmental conditions where they 
occur due to the heterosis (the "Superiority" hypothesis).
In this case, the parental types only persist in the hybrid 
areas because of factors such as a slow rate of competitive 
replacement and microhabitat variation and input of parental 
propagules from respective habitats.
Several factors have been suggested as the basis for the 
separation of JL. fulva and hexaaona. Iris fulva 
reportedly grows best in the partial shade of trees along 
bayous, and canals (Viosca, 1935; Randolph et al., 1967). 
Further, Viosca (1935) and Randolph et al. (1967) maintained 
that X j. fulva is a poor competitor when grown with more 
vigorous upland plants such as those found in more open 
habitats. Iris hexaaona. on the other hand, occupies the 
fresh to slightly brackish water of the coastal regions of 
Louisiana, an area of higher light intensity (Viosca, 1935; 
Randolph et al., 1967) Randolph et a l . stated, "It 
(I . hexaaona) cannot survive in continuous heavy shade."
In order to explore this hypothesis fulva.
I . hexaaona. "Hybrid Red," and "Hybrid Purple" were grown in 
the greenhouse under two different shading regimes with a 
control. I determined the growth response of the parental 
species X j. fulva and X». hexaaona as well as two hybrid types 
as a way to partially test the hypothesis that differential 
shade tolerance contributes to separation of Iris taxa.
MATERIAL AND METHODS
Rhizomes for the experiment were collected at random 
from three locations in Louisiana: X*. fulva from East Baton 
Rouge Parish, X j. hexaaona from Terrebonne Parish and the 
natural hybrids from Assumption Parish. Parental species 
were not collected from Assumption Parish (hybrid area) even 
though they are present due to the possibility of 
introgressive hybridization. The hybrid zone populations 
examined in the present study occur in two adjacent areas, a 
highly disturbed site occupied by a hybrid swarm and an 
undisturbed site occupied by a more uniform population. The 
hybrid swarm has been in existence for at least 80 years and 
contains an array of floral colors from a purple-blue to wine 
color. The second hybrid population is located on the edge 
of a swamp across the road from the first population. In 
this population a purple-flowered hybrid is the predominant 
type. Iris hexaaona individuals are present farther back 
into the swamp along a bayou and occur in large light gaps. 
The closest Xj. fulva population I have been able to locate is 
approximately 6 km north of the hybrid zone.
The hybrids for this study were of two types: one ■ 
similar in color and size to that of X j. fulva ("Hybrid Red") 
and the other was similar in size and color to that of 
I . hexaaona ("Hybrid Purple"). All rhizomes were washed and 
trimmed to a standard length of 5 cm and weighed. The plants 
were grown in 7.6 liter plastic-lined pots in a greenhouse
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using a commercial potting soil mixture. Plants were allowed 
to equilibrate in the pots for 30 days before treatments were 
applied in February 1987. At the end of the equilibration 
period the plants were subjected to a randomized block design 
with two treatments and a control: 0% reduction of sunlight
(control), 50% reduction of sunlight (medium shade), and 80% 
reduction of sunlight (high shade) in two blocks (N and S 
ends of greenhouse). Sunlight measurements were made using 
a quantum photo-radiometer (Licor, Inc.). The blocking in 
the experiment consisted of 2 treatments (shade boxes) and a 
control each in the north and south ends of the greenhouse. 
Iris, hexaaona. fulva. and "Hybrid Purple" each had 8 
repetitions per treatment (shade box or control) while 
"Hybrid Red" had 4 replications per treatment due to limited 
plant material. There was a total of 28 plants per treatment 
(shade box or control) making a grand total of 168 plants for 
the experiment. The 28 individual pots were either randomly 
placed inside a shade box (1.8 X 1.5 X 1.8 m) lined with 
shade fabric (Weathershade, Inc.) or placed in a similar 
arrangement on the floor of the greenhouse. The shade boxes 
were arranged in the greenhouse in such a manner as to 
eliminate shading of the control units.
Pots were harvested in August 1987 at which time both 
below-ground and above-ground plant material were harvested. 
All plant material was dried to a constant weight, separated 
into component parts, and weighed.
All data were statistically analyzed using analysis of
covariance (PC.05) and contrasts were used to test for 
significant effects of shading on biomass production (Steel 
and Torrie, 1980). The use of contrast statements enabled me 
to test the effect of shading (i.e. biomass reduction) 
between treatments. Comparisons of shade tolerance could not 
be made with mean separation tests due to the inherent size 
differences of the taxa. The use of contrasts enabled me to 
delineate shade tolerance by comparing biomass reduction 
among the treatments. Clonal growth was measured by the 
increased length (cm) of the rhizome and the net production 
of new ramets (a potentially independent offshoot of the 
rhizome; see Fig. 2). Fisher's Protected least significant 
differences (FP lsd, P<.05) test was used to analyze the 
effects of shade on clonal growth and biomass allocation.
RESULTS
There were significant differences among the taxa in 
biomass response to shading (Table 1). Total biomass for all 
taxa decreased with increasing levels of shade (Fig. 1).
Iris fulva was the least affected of all taxa for all levels 
of shade (Table 2; Fig. 1). Iris fulva was the only taxon 
not to have a significant biomass reduction by medium shade 
and proved to have the least reduction of biomass in high 
shade (Table 2). Iris fulva was significantly more tolerant 
of medium shade than x*. hexaaona. Iris hexaaona was 
significantly affected by all levels of shade and had the 
greatest reduction of biomass by shading. "Hybrid Purple" 
was significantly affected by medium shade. However, it 
appears to be the next most tolerant of the medium shade, 
although this was not tested using contrasts (Fig. 1).
"Hybrid Red" was significantly affected by medium shading but 
had the second least biomass reduction in high shade after 
I . fulva. The order of the decreasing tolerance of the high 
level of shade was JL. fulva. "Hybrid Red," "Hybrid Purple," 
and JLl. hexaaona.
There were significant differences in the clonal growth 
among the taxa in their responses to shading (Table 3).
Iris fulva and "Hybrid Red" were the only taxa not to have a 
significant reduction of rhizome growth due to the effect of 
shading (FP lsd, P<.05), The mean rhizome growth of
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I ■ hexaaona in the control was significantly greater than in 
the medium shade. There was no significant difference when 
medium and high shade were compared for i*. hexaaona (FP lsd, 
P<.05). "Hybrid Purple" had significantly less rhizome 
growth in high shade than either medium shade or the control. 
"Hybrid Purple," however, did have a significantly greater 
rhizome growth in medium shade than either the control or the 
high shade (FP lsd, PC.05). When comparisons were made among 
taxa I found hexaaona had the greatest mean rhizome growth 
in full sun (the control). There were no significant 
differences in mean rhizome growth in control and high shade 
for .L. fulva. "Hybrid Red," and "Hybrid Purple"(FP lsd,
PC.05). When comparisons of taxa in medium shade were made 
it was found that hexaaona and "Hybrid Purple" had the 
greatest rhizome growth (FP lsd, PC.05). Upon examination of 
rhizome growth in high shade I found no significant 
differences among the taxa (FP lsd, PC.05).
The other component of clonal growth of these taxa is 
the production of new ramets (Table 3). Of the taxa studied, 
I ■ hexaaona had the greatest net production of new ramets in 
the treatment with full sun (Fig. 3). There was no 
significant difference in I.hexaaona1s ramet production in 
the control and medium shade. However, X*. hexaaona did have 
a reduction of ramets in the high shade (FP lsd,PC.05). Iris 
fulva. "Hybrid Purple," and "Hybrid Red" did not have a 
significant reduction of net ramet production due to the
effect of shading (FP lsd, P<.05). When comparisons were 
made among the taxa for ramet production, it was found that 
as shading increased the differences observed in full sun 
were no longer apparent (FP lsd, P<.05). The net number of 
ramets produced in high shade for all the taxa was 
approximately equal to one.
In the analysis of how the taxa were allocating biomass 
in response to shading, there was a general trend of X j. fulva 
and "Hybrid Red" to have a greater response to shading than 
L. hexaaona and "Hybrid Purple" (Fig. 4). For all components 
of biomass there was significant interaction between shading 
and allocation of biomass by the taxa (Table 4). Iris fulva 
was the only taxon to have a significant increase in 
allocation to inflorescence when medium shade was compared 
with the high shade (FP lsd, P<.05). "Hybrid Purple" was the 
only taxon not to produce an inflorescence in the high shade. 
When comparisons were made among taxa, it was found that I . 
fulva's allocation to inflorescence was significantly higher 
than X j. hexaaona in high shade and higher than "Hybrid 
Purple" for all levels of shade.
None of the Iris taxa had a significant increase in 
biomass allocation to leaves in response to shading (Fig. 4). 
However, when comparisons were made among taxa it was 
observed that the two hybrid types had a significantly 
greater allocation to leaves than did either parental type 
(FP lsd, PC.05). Also, "Hybrid Red" had significantly
greater allocation to leaves in high shade than did "Hybrid 
Purple."
Iris fulva was the only taxon to have a significant 
shift in rhizome biomass, decreasing from medium to high 
shade (Fig 3). When comparisons among taxa were made,
I*, hexaaona had a significantly greater allocation to rhizome 
than did JL. fulva and "Hybrid Red" for all levels of shade 
(FP lsd, P<.05) . Also, X j. hexagona had significantly greater 
allocation to the rhizome for the control and medium shade
levels than "Hybrid Purple." "Hybrid Purple" and
Jj. hexaoona1s allocations to rhizome in high shade allocation 
were not significantly different. "Hybrid Red" allocation to 
rhizome was significantly less than any of the other taxa for 
all levels of shade.
Iris fulva and "Hybrid Red" were the only taxa that 
shifted root biomass allocation in response to shading 
(Fig. 4). Iris fulva significantly increased root biomass in 
the high shade over the medium shade (FP lsd, PC.05). Iris
fulva in high shade significantly allocated a higher
percentage of biomass to the roots than in control (FP lsd, 
PC.05) . "Hybrid Red" demonstrated a similar pattern when the 
control and the high shade were compared (FP lsd, P<.05). 
Comparisons among taxa indicated that X j. fulva significantly 
allocated a higher percentage of biomass to roots than did 
either X^ . hexaeona or "Hybrid Purple" for all levels of shade 
(FP lsd, P<.05) . Comparisons between X j. fulva and "Hybrid
Red” indicated that JL. fulva significantly allocated a higher 
percentage of biomass to roots in high shade compared to 
"Hybrid Red" in high shade (FP lsd, P<.05).
DISCUSSION
In this study, biomass and its reduction by shade as 
well as clonal growth have been used as partial indicators of 
fitness of the taxa. It should be noted that fitness is 
particularly difficult to estimate in long-lived, clonal 
perennials such as irises. Unlike annuals where seed output 
is often used as a summary measure of fitness, the fitness of 
clonal plants is determined by several attributes: 
survivorship, growth (both ramet growth and clonal growth), 
seed production, and offspring success. All of these traits 
play important roles in determining the ability of a genotype 
to leave descendants in the next generation and no single 
trait is an adequate measure of fitness. Further, unless 
long-term data are available, a single summary estimate of 
fitness cannot be determined directly. It is for this reason 
that attributes such as survival, growth, and seed production 
are used as partial measures of fitness {i.e. as components 
of fitness; Mooney, 1972; Abrahamson, 1979, 1980; Cook, 1979, 
1980, 1983). In particular, growth has been suggested as a 
good predictor of subsequent survival and flowering (Bazzaz 
et a l ., 1987).
In this study X* fulva was the most shade tolerant and 
I . hexagona the least tolerant as reflected in proportional 
biomass reductions with shading, with the hybrids 
intermediate in their responses (Fig. 1,2,3) . As anticipated
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there was not a homogeneous response by the hybrids to the 
effects of shading. The two hybrid types differed 
significantly in their responses to shading (Fig. 1).
"Hybrid Purple" tolerated medium shade better than "Hybrid 
Red," while "Hybrid Red" tolerated the high shade better than 
"Hybrid Purple." Observed variability in shade tolerance 
would be expected due to random genetic recombination.
Hybrids also appeared to respond most like the parental type 
of similar flower color (i.e. "Hybrid Red" like 
i*. fulva and "Hybrid Purple" like it. hexagonal in both 
biomass production, clonal growth, and allocation. Both 
hybrid types are probably the result of multiple back crosses 
with the parental types and other hybrids. A preliminary 
analysis of the ribosomal DNA of the hybrids indicates that 
"Hybrid Red" appears to have more i,. fulva genes and "Hybrid 
Purple” appears to have more it. hexaaona genes (M.L. Arnold 
and B.D. Bennett, unpublished).
Iris fulva grew as well in full sun as it did in medium 
shade (Table 2; Fig. 1). These data agree in part with the 
observations made by Viosca (1935) that i,. fulva is more 
shade tolerant than i*. hexaaona. The differential shade 
tolerance may partially explain why it. fulva is typically 
found in shady habitats and i._ hexaaona is found in the more 
open habitats of the freshwater marshes. Thus, there must be 
a suite of niche parameters working in concert to produce the 
distribution seen in nature (see later discussion).
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Iris fulva exhibited a more plastic response to the 
effects of shading in biomass allocation than the other taxa. 
Although more shade tolerant than X*. hexaaona, JL. fulva did 
not show any greater allocation to leaf biomass. In fact, 
none of the taxa Increased their allocations to leaf biomass. 
Therefore, X j. fulva1 s adaptation to shading must occur by 
other means than a shift in allocation to leaves.
When comparisons of leaf biomass allocation were made 
among taxa, L. fulva and X l. hexacrona were not significantly 
different from each other but the hybrids allocated 
significantly more biomass to leaves than the parental types. 
Thus, there is no clear correlation between leaf biomass 
allocation and shade tolerance.
Clonal growth and biomass allocation to the rhizome by 
the taxa appear to be in agreement with clonal growth 
characteristics of the taxa observed in their natural 
habitats {see Chapter I). Iris hexaaona has greater rhizome 
growth with a much larger rhizome than the other taxa. This 
appears to correspond with X*. hexaaona’s greater allocation 
to rhizome. In contrast, X j. fulva has a much smaller rhizome 
and has less clonal growth than X*. hexaaona ■ "Hybrid Purple" 
has been observed to have less clonal growth than 
I . hexaaona. equal to X j. fulva but greater ramet and clonal 
survival than the parental types (see Chapter I). "Hybrid 
Purple" and "Hybrid Red" again responded similarly to the 
parental type to which they are probably mostly closely
related.
Patterns of root allocation (Fig. 4) of the taxa also 
appear to be correlated with the habitats in which these 
plants are typically found. Iris fulva occurs in habitats 
that are typically drier than those where X j. hexaaona is 
found (Viosca, 1935). This adaptation to dry habitats may be 
indicated by X j. fulva1 s greater allocation to roots than 
X j. hexaaona for all levels of shade. Iris fulva was also the 
only taxon that had a significant increase in its allocation 
to roots with increased shading.
The pattern of allocation to inflorescence differed 
among the taxa (Fig. 4). This pattern though important does 
not lend itself to interpretation due to the lack of 
pollinators. These taxa are pollinated by Bombus sp. which 
were excluded. These taxa are capable of self pollinating 
and a few seeds were produced, but this experiment was not 
constructed to test this fitness parameter.
Based on the results presented, shade appears to be a 
factor affecting the distribution of the two parental 
species. However, its effects can only partially explain 
their habitat separation. Iris fulva is typically found 
along bayous in the shade of trees (i.e. Taxodium distichum 
(L) Rich, and Nyssa aquatica L. where there are very few 
other understory plants growing. Yet, from this study it 
appears that X j. fulva grows equally well in full sun. 
Therefore, there must be other factors affecting the
segregation of these two species. I suggest that one of 
these factors may be competition. This pattern of 
distribution is consistent with the hypothesis that JL. fulva 
is generally a poor competitor, X j. hexaaona a superior 
competitor, and the hybrids are intermediate between the two. 
According to this hypothesis X j. fulva may be restricted to 
areas of high light stress (i.e. shade from trees) but 
reduced competition from understory species. In contrast 
I . hexaaona. a better competitor but a poorer tolerator of 
shading, may be restricted to the borders of swamps and 
marsh areas of increased sunlight and competition. Results 
from tests of competitive ability support this hypothesis 
(see Chapter III).
What is the effect of hybridization and hybrid shade 
tolerance on the geographic separation of the the two 
species? The hybrid zone appears to represent a narrow 
ecotone between the habitats of the parental species. This 
ecotone separates the freshwater marsh, a region of high 
light intensities and intense competition, from the swamp or 
bayou, a region of lower light intensities and lower 
competition. This preliminary analysis of the data indicate 
that the ecotone may either represent a region where (1) The 
hybrids have a superior fitness compared to the two parents 
("Superiority" hypothesis) for a narrow range of 
environmental conditions or (2) The hybrids have a similar 
fitness to the parental species (the "Equality" hypothesis).
The "Inferiority" hypothesis is not consistent with the data 
available thus far, since it is apparent that the hybrids are 
at least intermediate between the two parents in shade 
tolerance and competitive ability (see Chapter III).
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Table 1. A Randomized Block Design with analysis of 
covariance testing the differences in biomass due to the 
effect of shading among three taxa of Iris. Differences 
between treatments analyzed using Contrasts (see Table 2).
Source df SS MS F P
Blocks3 1 2648.4 2648.4
r^CD 0.0036
Treatment15 11 123280.3 11207.3 29.69 0.0001
Blocks *Treatmentc 11 8366.3 760.6 2.01 0.0310
Covariant^ 1 6226.2 6226.2 16.49 0.0001
Error 143 53985.3 377.5
a Blocking was North and South in the greenhouse. Manova 
done on overall effects of Blocks (P>0.05).
b Treatments were X *. hexagonaf X*. fulva. "Hybrid Purple," and 
"Hybrid Red" grown under two levels of shade (50% and 80% 
reduction of sunlight) and a control. 
c Interaction was significant; retested hypothesis 
(Treatment) using the interaction's Type III Mean Square as 
the error term (Treatment P < 0.05). Manova done on overall 
effects of Blocks*Treatment (P>0.05). 
d Original weights of plants used as covariant.
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Table 2. Eleven Post-ANOVA Contrast statements testing the 
differences between treatments®■
Comparisons of Treatments*3 df MS F P
IH High*Cont vs.IF High*Contc 1 48676.6 128.94 0.0001
IH High*Cont vs.HP High*Cont 1 80833.6 214.12 0.0001
IH High*Cont vs.HR High*Cont 1 51093.9 135.40 0.0001
IF High*Cont vs.HP High*Cont 1 30386.7 80.49 0.0001
IF High*Cont vs.HR High*Cont 1 18226.5 48.28 0.0001
HP High*Cont vs.HR High*Cont 1 35444.6 93.89 0.0001
IH Med*Cont v s .IF Med*Cont 1 9534.3 25.26 0.0001
IH Medium v s .Control 1 11328.1 30.01 0.0007
IF Medium vs.Control 1 1005.8 2.66 0.1048
HP Medium vs.Control 1 1686.4 6. 96 0.0093
a Contrast statements were made a priori and equal to the 
degrees of freedom of the main effect (Treatment). 
k Treatments were £*, hexaaona (1H), X* fulva (IF), "Hybrid 
Purple" (HP), and "Hybrid Red" (HR) grown under two levels of 
shade and a control.
c Control (0%), Medium (50%), and High (80%) represent levels 
of shade. The contrasts provided a way to compare the 
effects of shading among taxa; for example, the first 
contrast compares IH’s biomass reduction from Control to High 
shade with that of IF’s biomass reduction from Control to 
High shade.
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Table 3. Clonal growth ANOVAs. Differences between the taxa 
were analyzed using Fishers Protected lsd at P <.05.
Source df
Character
Rhizome
MS
Growth
P
Ramet ..Product ion 
MS P
Blocks3 1 36.224 0.373 16.128 0.600
Treatment13 11 361.678 0.000 21.401 0.000
Blocks*Treatc 11 25.201 0.861 5.291 0.303
Covariant^ 1 45.280 0.029 29.833 0.011
Error 143 45.280 4.471
a Manova done on overall effects of Blocks (P>0.05). 
k Treatments = i*. fulva. X*. hexagona. "Hybrid Red," and 
"Hybrid Purple" grown in Control (0%), Medium (50%), and High 
(80%) shade levels.
c Manova done on overall effects of Blocks*Treatment 
(P>0.05).
^ Original weights of plants used as covariant.
Table 4. Biomass allocation ANOVAS. Differences between the taxa were analyzed using 
Fishers Protected lsd at P <.05
_____________________________Character
Leaves Rhizome Ro.C.tLS. Inflorescence
Source df MS P MS P MS P MS P
Blocksa 1 0.006 0.272 0.028 0.030 0.022 0.001 0.004 0.353
Treatment*5 11 0.046 0.001 0.075 0.001 0.025 0.001 0.014 0.001
Blocks*Treatmentc 11 0.013 0.009 0.013 0.187 0.006 0.001 0.006 0.239
Covariant^ 1 0.001 0.604 0.001 0.620 0.001 0.778 0.080 0.338
Error 143 0.005 0.005 0.002 0.005
a Manova done on overall effects of Blocks (P>0.05).
13 Treatments = I. fulva. I. hexaaona. "Hybrid Red/" and "Hybrid Purple" grown in 
Control (0%), Medium (50%)r and High (80%) shade levels. 
c Manova done on overall effects of Blocks*Treatment (P=0.551). 
d Original weights of plants used as covariant.
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Fig. 1. Mean total biomass by Iris taxa (IF = Iris 
fulva. IH = Iris hexaaona. HP = "Hybrid Purple," and HR = 
"Hybrid Red") for 2 levels of shade and a control. Vertical 
bars represent +/~ 1 SE.
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Fig. 2. Mean rhizome growth (cm) by Iris taxa (IF = iris 
fulvaf IH = Iris hexagona, HP = "Hybrid Purple," and HR = 
"Hybrid Red") for 2 levels of shade and a control.
Differences among taxa were analyzed using Fishers Protected 
least significant difference test (P<.05), Vertical bars 
represent +/” 1 SE.
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Fig. 3. Mean net ramet production by Iris taxa (IF = 
Iris fulvar IH = Iris hexagona. HP= "Hybrid Purple," and HR= 
"Hybrid Red") for 2 levels of shade and a control. 
Differences among taxa were analyzed using Fishers Protected 
least significant difference test (P<.05). Vertical bars 
represent +/“ 1 SE.
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Fig. 4. Percent biomass allocation among the different 
taxa (IF = Iris fulvaf IH = Iris hexagona. HP= "Hybrid 
Purple," and HR= "Hybrid Red") for 2 levels of shade (M = 
Medium and H = High) and a control (C). Differences among 
taxa were analyzed using Fishers Protected least significant 
difference test (PC.05).
CHAPTER III
COMPETITION AND ITS EFFECT ON THE ZONATIION OF IRIS FULVA, 
IRIS HEXAGONA, AND THEIR HYBRIDS
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ABSTRACT
The objective of this study was to measure the relative 
competitive performance of X*. fulva. I . hexaaona. and their 
hybrids in soils from all three areas. Pedological 
differences among sites may be an contributing factor in the 
observed segregation of taxa. To accomplish this objective,
I allowed plants to compete in the greenhouse in soils from 
all three areas. The results indicated that X*. fulva was a 
weaker competitor than either L. hexacrona or a natural hybrid 
("Hybrid Purple") . Furthermore, X*. hexaaona and the "Hybrid 
Purple" were equally competitive. The soil collected from 
the various habitats had no effect on the relative 
competitive performance by the taxa. However, the combined 
total biomass of the taxa grown in monoculture was least in 
the marsh soil, while combined biomasses grown in soil from 
the levee and the hybrid swarm were not significantly 
different. These results, together with previous findings on 
shade tolerance, suggest that X*. fulva is competitively 
excluded from the freshwater marsh by X*. hexaaona. Moreover, 
the results indicate that the "Hybrid Purple" would not be 
competitively displaced from the hybrid zone by either 
species. Therefore, it appears that vegetative vigor and 
strong competitive ability contribute to the persistence of 
hybrids in the hybrid zone.
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INTRODUCTION
The importance of competition and its effect on the 
zonation of species has been documented in multispecies 
communities (Wilson and Keddy, 1985/ 1986), in marshes (Snow 
and Vince, 1984), and the rocky intertidal zone (Connell, 
1961) . Grace and Wetzel (1981) documented the effect of 
competitive ability on the zonation of two closely related 
Typha species. However, there are virtually no studies on 
competitive ability and its effect on the zonation of two 
parapatric species and their natural hybrids.
The irises of Louisiana provide a unique opportunity in
which to evaluate competition and its affect on zonation of 
parapatric species. Iris fulva Ker Gawler and Iris hexaaona 
Walter occur along an environmental gradient and occupy 
distinct habitats (Viosca, 1935; see Chapter I). Iris fulva 
habitat is the edges of natural levees and canals, while 
I . hexaaona’s habitat is the edges of swamps and freshwater 
marshes (Viosca, 1935). Natural hybridization between these 
two species occurs in a hybrid zone in southern Louisiana 
when the bayous penetrate the swamps and freshwater marshes.
The factors contributing to the persistence of the
hybrids in the area of overlap (hybrid zone) between these 
two species are only now receiving attention. In Chapters II 
and I demonstrated that the hybrids are generally 
intermediate between X* fulva and hexaaona in terms of 
shade tolerance. I concluded from analysis of natural Iris
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hybrid populations that an important factor in hybrid 
persistence in the hybrid zone was a high survival rate. In 
Chapter I it was found that the rates of clonal growth of 
"Hybrid Purple" were slightly lower than those for fulva 
and substantially lower than those for hexaaona. However, 
rates of sexual reproduction (though lower than parental 
species) and clonal growth were high enough to contribute 
somewhat to the persistence of hybrid populations. Based on 
these data, the hybrids appear to be adapted to the ecotone 
between the habitats of the parental species.
The objective of this study has been to answer the 
following questions: (1) are pedologlcal differences a factor 
in zonation of fulva. £*. hexaaona. and their hybrids? (2) 
are there differences in competitive performance of the taxa 
when grown on soils from the natural levee of a bayou, 
freshwater marsh, and the hybrid zone? (3) is competitive 
performance a factor in the persistence of the hybrids in the 
hybrid zone?
MATERIAL AND METHODS
Plants used in this study were grown from seed collected 
from three locations in Louisiana: Xj. fulva from East Baton 
Rouge Parish, X j .  hexagona from Terrebonne Parish and the 
natural hybrids from Assumption Parish. The aforementioned 
parental sites represent allopatric populations, while the 
hybrid population represents an area of parapatry. The 
hybrid seeds came from a purple flowered hybrid ("Hybrid 
Purple"). The pollen donor of these hybrids was unknown.
The hybrids used in the present study occur in two adjacent 
areas, a highly disturbed site occupied by a hybrid swarm and 
an undisturbed site occupied by a more uniform population.
The hybrid swarm has been in existence for at least 80 years 
and contains an array of floral colors from a purple-blue to 
wine. The second hybrid population is located on the edge of 
a swamp across a road from the first population. In this 
population a purple-flowered hybrid ("Hybrid Purple") is the 
predominant type. Iris hexaaona individuals are present in 
the hybrid zone and occur in large light gaps throughout the 
swamp. The closest X j. fulva population I have been able to 
locate is approximately 6 km north of the hybrid zone. 
Individuals in this population are confined to the edge of an 
old abandoned bayou.
Upon germination the plants were allowed to grow for 6 
months. They were then placed into 2 L plastic containers 
which held homogenized soil from each of the populations.
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The irises were grown under saturated soil conditions.
The experimental design followed de Wit (1960)
replacement series. The overall density (2 plants/container) 
was held constant but the mixture of taxa was varied in each 
container. The treatments consisted of irises grown in 
monoculture and 50/50 mixture. The plants were placed in a
factorial arrangement with five blocks and three sites (sites
= soil collected from X j. fulva. X*. hexagona. and hybrid swarm 
populations). Each block contained one replicate of the 
following: X*. fulva growing with X l fulva. X j. fulva growing
with X j. hexaaona. X*. fulva growing with "Hybrid Purple,"
X j. hexagona growing with X j. hexagona, X j. hexagona growing 
with "Hybrid Purple," and "Hybrid Purple" growing with 
"Hybrid Purple." Each block had three different sites 
(soils) for a grand total of 90 plants. In order to evaluate 
the competitive performance of the taxa it is necessary to 
compare the growth of taxa in monocultures relative to their 
growth in mixtures (relative yield). The relative yield (RY) 
was calculated for each of the taxa in each block using the 
following formula:
Relative Yield = Biomass in Mixture
Biomass in Monoculture
These calculations result in a RY for each of the taxa per
block. Analysis of variance was then performed to determine
if there were significant differences in relative competitive
abilities of the taxa and the effect of site on performance.
Additionally, the relative yield total (RYT) for each 
mixture was calculated. RYT expresses the yield of both taxa 
in mixture relative to their yields in monoculture (sum of 
RY's) . According to Harper (1977), if the RYT = 1 then there 
is full and complete competition, if the RYT > 1 incomplete 
competition is indicated, and if RYT < 1 antagonism is 
indicated.
The experiment was terminated after six months. At the 
end of this period the plants were harvested. The irises 
were dried to a constant weight and weighed. The analysis of 
variance for the factorial arrangement was analyzed using the 
Systat (Systat, Inc.) program. Student-Newman-Keuls'5 (SNK) 
test (P<.05) was used to detect differences among the taxa 
(Steel and Torrie, 1980). A t-test was used to analyze the 
RYT’s deviation from unity.
RESULTS
The analysis of total biomass of the taxa in monoculture 
demonstrated that there was a significant difference among 
sites (Table 1). However, the growth of the taxa was not 
significantly affected by site (Taxa X Site interaction;
Table 1). The average total biomass was significantly less 
(SNK, P < 0.05)) in soil collected from the JL. hexaaona 
population (marsh) than from the fulva (levee) and the 
hybrid swarm (Fig. 1). There was no significant difference 
in the combined total biomass of the taxa grown in soil from 
the levee and the hybrid swarm (SNK, P > 0.05). The soil 
from the three sites also did not significantly affect the 
taxa performance in the 50/50 mixtures (Table 2).
There were significant differences among the taxa in 
competitive performance as indicated by relative yield (RY) 
(Table 2). Figures 2-4 indicate the mean RY for the three 
mixtures. The mean RY of Xi. fulva was significantly less 
than L. hexaaona (Figure 2; Table 3) . The RY of X j. -ful-va was 
also significantly less than the "Hybrid" RY when grown 
together (Fig. 3; Table 3). However, the R Y ’s of the mixture 
of JLu hexaaona and the "Hybrid" were not significantly 
different (Figure 4; Table 3). Additionally, the Relative 
Yield Totals (RYT) of all three mixtures were not 
significantly different from unity (Fig. 2-4).
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DISCUSSION
The results from our diallel experiment showed a 
consistent competitive hierarchy among the Iris taxa.
However, I realize that there are confounding factors that 
may influence these results. The competitive hierarchies may 
be affected by such factors as the following: the environment 
of the experiment (Harper, 1977), seasonal variability and 
water availability (Fowler, 1982), type and condition of soil 
used (Moore and Williams, 1983), and duration of the 
experiment (Grace, 1988) . Additionally, the outcome of 
replacement series experiments where the overall density is 
held constant may have different outcomes at varying 
densities (Inouye and Schaffer, 1981). However, diallel 
experiments with their recognized limitations do provide 
useful comparisons among species (McGilchrist, 1965; 
Norrington-Davis, 1967; Davis, 1967; Harper, 1977; Flower, 
1982; Wilson and Keddy, 1986). The similarity in phenology 
and morphology along with the use of soils collected from the 
three habitats may have ameliorated some of these factors.
I have previously suggested in Chapter II that X*. fulva 
was confined to the less productive habitat (heavy shade) of 
the natural levee where there is less competition from 
understory herbs and especially from X j. hexaaona which is not 
shade tolerant. Additionally, I maintained that X j. hexaaona 
would probably competitively displace X j. fulva from the more 
productive habitat, the freshwater marsh, where X j. fulva is
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physiologically capable of growing. The data presented here 
support these hypotheses.
Iris fulva was demonstrated to be the weaker competitor 
when grown with X hexaaona. Also, the RYT's of the mixtures 
were not significantly different from unity indicating full 
and complete competition between the taxa (Harper, 1977). 
Further, the type of soil (soil from the levee, hybrid swarm, 
or the freshwater marsh) had no effect on the competitive 
outcome for any of the taxa (Table 2). However, analysis of 
growth in monoculture in soil from the respective habitats 
indicates that soil may not be a significant factor in the 
zonation of the taxa. The monoculture data demonstrated that 
all taxa taken together grew better in soil collected from 
Xu fulva and hybrid swarm populations than soil collected 
from X j. hexaaona population (Fig 1) . There was not a 
significant interaction of taxa by site (Table 1) indicating 
that a taxon's growth is not site specific. Iris fulva which 
is not found in the freshwater marsh may be restricted to the 
habitats where the soil is more productive and competition is 
less intense. Iris hexaaona while capable of growing in soil 
from the natural levee is restricted to the least productive 
soil (freshwater marsh) where shading is reduced.
I conclude that X j. fulva would be displaced from the 
freshwater marsh by X j .  hexaaona and confined to the natural 
levee where Xu hexaaona cannot grow due to heavy shading. I 
suggest that the two species have broadly overlapping 
fundamental niches, but little realized niche overlap. To
date fulva has not been found growing with X* hexaaona 
(Bennett, pers. obs.). However, hybrids which are probable 
multiple backcrosses with one or the other parental species 
have been observed growing with the parental species (Bennett 
and Arnold, unpublished data).
The data presented here on competitive ability of one 
hybrid type ("Hybrid Purple") also lends support to the above 
interpretations. These data demonstrates that "Hybrid 
Purple" which is similar in flower color to the blue-flowered 
I . hexaaona is equally competitive with X*. hexaaona while 
being a superior competitor to X j. fulva. Iris fulva as 
indicated from these data would be expected to be 
competitively displaced from the hybrid zone by "Hybrid 
Purple." Furthermore, "Hybrid Purple" with its substantial 
competitive performance, intermediate shade tolerance, 
superior survival, and intermediate morphological 
characteristics could persist in the area of overlap of the 
two parental species. The hybrid zone could represent an 
area where natural selection could operate to select for a 
few recombinant hybrid types within that zone (Lewontin and 
Birch, 1966). I further suggest that the hybrid zone 
represents an ecotone between the habitats of the parental 
species. Due to the unique nature of hybrids, at least in 
terms of vegetative traits, and intermediate responses to 
shading and competition it may be that the hybrids are 
somewhat adapted to the intermediate conditions of the hybrid 
zone. Moving from the shaded habitat of X j. fulva to the
open habitat of X*. hexaoona, there may be a zone where the 
required combination of shade tolerance and competitive 
ability could provide a selective advantage for the hybrid.
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Table 1. ANOVA of total biomass (g dry wt) of the taxaa 
grown in monoculture in soil from three sites13.
SOURCE df SS MS F P
Taxa 2 463.840 231.92 16.996 0.0001
Site 2 362.630 181.315 13.288 0.0001
Taxa x Site 4 22.437 5. 609 0.411 0.7995
Error 89 491.236 13.645
a Taxa are X j. fulva, I*, hexagon a . and "Hybrid Purple." 
13 Sites represent soil collected from X j. fulva,
I. hexaaona, and "Hybrid" populations.
Table 2. Analysis of variance of competitive ability 
(Relative Yielda) of taxa grown in soil collected from 
three sites.
SOURCE df SS MS F P
Treatment13 5 1.692 0.338 13.487 0.0001
Sitec 2 0.370 0.019 0.741 0.4802
TreatxSite 10 0.403 0.040 1.608 0.1217
Error 72 1.806 0.025
a Relative Yield = Biomass in mixture
Biomass in monoculture
b Diallel Relative Yield treatments for JL. -ful-va, 
X j. hexagona, and "Hybrid Purple." 
c Sites represent soil collected from JL. fulvar 
hexagonaf and "Hybrid" populations.
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Table 3. Student-Newman-Keuls' test of fulva (IF),
I . hexacrona (IH), and "Hybrid Purple's" (HP) relative yields 
in mixture.
n  i h i m  ■ ...... ...........
MIXTURE________________ MEAN RELATIVE YIELD5
IF grown with IH 0.354 a
HP grown with IH 0.436 a b
IF grown with HP 0.473 a b
IH grown with HP 0.521 b c
HP grown with IF 0.631 c
IH err own with IF 0.774 d
a Means within a column followed by the same letter are not 
significantly (P< 0.05) different.
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Fig. 1. Average total biomass (g dry wt) of all taxa 
grown on soil collected from an ,L_ fulva population (IFS), 
JL. hexaaona population (IHS), and a hybrid swarm population 
(HPS). The bars which have the same letter at the top are 
not significantly different (SNK P < 0.05). Vertical bars 
represent one standard error.
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Fig. 2. Replacement series diagrams for competition 
between Iris taxa. Relative yield (RY) for I*, fulva and 
I . hexaaona is demonstrated. Relative yield total (RYT) 
deviation from one is indicated at the top of each diagram.
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Fig. 3. Replacement series diagrams for competition 
between Iris taxa. Relative yield (RY) for Jj. fulva and 
"Hybrid Purple" is demonstrated. Relative yield total (RYT) 
deviation from one is indicated at the top of each diagram.
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Fig. 4. Replacement series diagrams for competition 
between Iris taxa. Relative yield (RY) for Jj. hexagona and 
"Hybrid Purple" is demonstrated. Relative yield total (RYT) 
deviation from one is indicated at the top of each diagram.
CHAPTER IV
SALT TOLERANCE AND ITS EFFECT ON THE ZONATION OF IRIS FULVA, 
IRIS HEXAGONA, AND THEIR HYBRIDS
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ABSTRACT
The objective of this study was to evaluate the 
contribution of salt tolerance to the zonation of Iris fulva 
and Iris hexaaona and to the persistence of the hybrids in 
the area of overlap. Viosca (1935) suggested the it fulva 
may be less salt tolerant than X*. hexaaona and that 
occasional intrusion of salt water may contribute to zonation 
of these two species. To test this hypothesis on 
differential salt tolerance and its effect on zonation of the 
taxa rhizomes were collected from natural populations of 
I ■ fulva. I . hexaaona. and their hybrids ("Hybrid Purple" and 
"Hybrid Red"). The taxa were grown in a greenhouse in a 
completely randomized design. There were 20 treatments of 
the taxa in 5 levels of salinity (0, 1, 3, 6, and 9 ppt).
The results from this experiment indicated that none of the 
taxa were significantly affected by the 1 and 3 ppt salinity 
levels. Iris fulva and "Hybrid Red" were both significantly 
affected by the 6 and 9 ppt while Iris hexaaona and "Hybrid 
Purple" were only affected by the 9 ppt salinity level. 
Comparisons were made among the taxa and it was determined 
that fulva was the least tolerant of the 9 ppt salinity 
level. Based on the results presented, salt tolerance could 
be a contributing environmental factor affecting the
distribution of L. fulva and it hexaaona. The hybrid salt
1
tolerance data indicated that the hybrids had a level of 
tolerance that was not inferior to the parental taxa and that
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salt tolerance could contribute to their persistence in the 
area of overlap (hybrid zone) between i,. fulva and 
JLl. hexaaona.
INTRODUCTION
Plant zonation of salt marshes has been attributed 
primarily to physical factors such as salt tolerance (Barbour 
and Davis, 1970; Parrando, Gosselink, and Hopkinson, 1978; 
Pheleger, 1971; Rozem and Blom, 1977), soil drainage 
(Mendelssohn and Seneca, 1980), soil oxygen levels (Howes et 
al., 1981; Mendelssohn et al., 1981), and more recently to 
biotic factors (Bertness and Ellison, 1987). However, there 
are virtually no studies on salt tolerance and its effect on 
the zonation of two parapatric species and their natural 
hybrids.
In southern Louisiana there are two parapatric species 
of Iris that hybridize freely and provide an exemplary system 
in which to evaluate the role of environmental factors in the 
habitat segregation of species and their hybrids. It has 
been suggested the .L. fulva may be less salt tolerant than 
I . hexaaona and that occasional intrusion of salt water may 
contribute to zonation of these two species (Viosca, 1935; 
Randolph, Nelson, and Plaisted, 1967). The objective of this 
study was to evaluate the contribution of salt tolerance to 
the zonation of these species. Additionally, I wished to 
evaluate salt tolerance as a factor contributing to the 
persistence of the hybrids in the area of overlap (hybrid 
zone) between these two species.
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MATERIALS AND METHODS
Rhizomes were randomly collected from three locations in 
Louisiana: fulva from East Baton Rouge Parish, Jj. hexaaona
from Terrebonne Parish, and hybrids from Assumption Parish. 
The hybrids for this study were of two types: one similar in 
color and size to that of ia. fulva ("Hybrid Red") and the 
other similar in size and color to that of X* hexaaona 
("Hybrid Purple"). Parental species were not collected from 
Assumption Parish (hybrid area) even though they are present 
due to the possibility of introgressive hybridization. The 
hybrid zone populations examined in the present study 
occurred in two adjacent areas, a highly disturbed site 
occupied by a hybrid swarm and an undisturbed site occupied 
by a more uniform population. The hybrid swarm has been in 
existence for at least 80 years and contains an array of 
floral colors from a purple-blue to wine color. The second 
hybrid population is located on the edge of a swamp across 
the road from the first population. In this population a 
purple-flowered hybrid is the predominant type. Iris 
hexaaona individuals are present farther back into the swamp 
along a bayou and occur in large light gaps. The closest 
I . fulva population I have been able to locate is 
approximately 6 km north of the hybrid zone.
All rhizomes for this experiment were washed and trimmed 
to a standard length of 5 cm and weighed. The plants were 
grown in commercial potting soil mixture in 7.6 liter pots
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with drain holes. Plants were allowed to equilibrate in pots 
for 30 days before treatments were applied. At the end of 
30 days the individual pots were placed inside another 
container where the salinity and water depth (at soil level) 
were controlled. The plants were placed in a greenhouse in 
a completely randomized design where each plant in a pot was 
an experimental unit. There were 5 replicates per treatment 
and 20 treatments (£*. f u l v a ,  1^. hexaaona. "Hybrid Purple, " and
"Hybrid Red" in 5 levels of salinity) for a total of 125
plants. Salinity levels were maintained with distilled water 
and Instant Ocean (Aquarium Systems, Inc., Eastlake, Ohio) to
concentrations of 0 (control), 1, 3, 6, and 9 ppt. The
salinity level in each containment vessel was monitored using 
a portable salinity meter (Yellow Springs Instrument Co.,
Inc., Yellow Springs, Ohio).
The experiment was terminated at the end of 6 months 
(July 1988) at which time below-ground and above-ground plant 
material were harvested. All plant material was dried to a 
constant weight, separated into component parts, and weighed.
All data were statistically analyzed using analysis of 
covariance (P<.05) and contrasts were used to test for 
significant effects of salinity on biomass production (Steel 
and Torrle, 1980). The use of contrast statements enabled me 
to test the effect of salinity (i.e. biomass reduction) 
between treatments. Comparisons of salt tolerance could not 
be made with mean separation tests due to the inherent size 
differences of the taxa. The use of contrasts enabled me to
delineate salt tolerance by comparing biomass reduction among 
the treatments.
RESULTS
An analysis of total biomass using Bartlett's test for 
homogeneity of variances (P > 0.05) indicated that the total 
biomass required transformation to meet the assumptions for 
the analysis of variance (ANOVA). A natural log 
transformation of total biomass data was performed and the 
assumptions for an ANOVA were met (Gomez and Gomez, 1984).
There were significant differences among the taxa in 
biomass response to salinity (Table 1). As a general trend 
it appeared than X j. fulva had a greater response to the 
increased levels of salinity than the other taxa with all 
taxa significantly effected by the 9 ppt treatments (Fig. 1). 
Contrast statements in Table 2 demonstrate the responses of 
the taxa to increased level of salinity. None of the taxa 
were significantly affected by the 1 and 3 ppt salinity 
levels (Table 2). Iris fulva and "Hybrid Red" were both 
significantly affected by the 6 and 9 ppt while Iris hexaaona 
and "Hybrid Purple" were only affected by the 9 ppt salinity 
level. Finally, comparisons were made among the taxa to 
determine if X*. fulva was the least tolerant of slightly 
brackish conditions (9 ppt) as per the original hypothesis. 
These contrasts indicated that X j. fulva was the least 
tolerant of the 9 ppt salinity level (Table 2).
Analysis of taxa leaf biomass in response to salinity 
levels also required a transformation to meet the assumptions 
for ANOVA. The heterogeneity of variances of the leaf
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biomass data may have been due to the absence of leaves of 
I . fulva in the 9 ppt treatment. Following Gomez and Gomez 
(1984), the leaf data was transformed using a square root, 
(leaf biomass + l)1/^.
Table 3 indicates that there were significant 
differences among taxa in leaf biomass in response to 
salinity. Iris fulva did not have a significant leaf biomass 
reduction in the 1 and 3 ppt treatments (Table 2). However, 
Iris fulva did have a significant leaf biomass reduction in 
the 6 and 9 ppt treatments (Table 2; Fig 2). Iris fulva had 
no live leaves remaining in the 9 ppt treatment replicates 
(note Fig. 2 based on transformed data).
Iris hexaaona's leaf biomass response to increasing 
levels of salinity may indicate a sensitivity to salinity 
that was not evident in the analysis of total biomass. Iris 
hexaaona was not affected by the 1 ppt treatment (Table 2;
Fig 2) . However, 1*. hexaaona did have a significant leaf 
biomass reduction by 3 and 6 ppt salinity treatments 
(Table 2).
"Hybrid Purple" had a significant leaf biomass reduction 
in the 6 and 9 ppt treatments and no reduction in the 1 and 3 
ppt treatments (Table 2; Fig. 2). "Hybrid Red" had a 
significant leaf biomass reduction in all treatments above 1 
ppt.
Comparisons were made among taxa in leaf biomass 
response to 9 ppt treatments; it was found that fulva was 
least tolerant of that salinity level (Table 2; Fig 2).
DISCUSSION
The results from this experiment corroborate the 
hypothesis that there are differences among taxa in their 
responses to varying levels of salinity. In this controlled 
experiment, X*. fulva was the least tolerant among the taxa of 
the upper salinity level (9 ppt) where it had a complete loss 
of leaves. Overall, the data suggest that all taxa are 
tolerant of 1 to 3 ppt salinity and significantly affected by 
9 ppt. However, X*. hexagona proved to be more tolerant of 
the higher salinity level (9 ppt) than Xu fulva.
Readings have been taken on soil water salinity in 
several locations of Iris in Louisiana and Florida. The 
salinity levels of X*. hexagona populations have not exceeded 
concentrations which may be tolerated by X l. fulva. To date, 
Iris hexaaona has not been found growing in areas of high 
salinity (Bennett, per. obs.). However, this experiment 
suggests that Xu hexagona could better tolerate salt 
intrusion resulting from storms that periodically strike the 
Louisiana coastline than could Xu fulva. This occasional 
salt water intrusion could eliminate Xj. fulva from the marsh.
Based on the results presented, salt tolerance could be 
a contributing environmental factor affecting the 
distribution of Xu fulva and Xu hexagona. Based on previous 
studies (Chapters I-III) factors such as shade tolerance and 
competitive ability along with salt tolerance may work 
together to affect the zonation of these two species.
90
The hybrid data support the hypothesis that the 
persistence of hybrids in the area of overlap (hybrid zone) 
between X j. fulva and Xj. hexagona is due, in part, to high 
survivability (Chapter I). "Hybrid Purple," which is similar 
in flower color to X j. hexagona, had no total biomass 
reduction in 1 to 6 ppt salinity levels, but showed a major 
reduction in the 9 ppt. "Hybrid Red," which is similar in 
flower color to X*. fulva. had no total biomass reduction in 
the 1 and 3 ppt salinity levels but was significantly reduced 
in the 6 and 9 ppt. As a general trend X j. hexagona and the 
two hybrid types had a similar response pattern with these 
three taxa having a greater tolerance than Xj. fulva.
The analysis of the hybrids' leaf biomass responses to 
the effects of salinity further supports the above hierarchy. 
I found that "Hybrid Purple's" leaf biomass was not 
significantly affected by the 1 and 3 ppt salinity levels, 
but was significantly affected by the 6 and 9 ppt. The leaf 
biomass of "Hybrid Purple" appeared the least sensitive of 
all taxa to the effects of salinity. The other hybrid's 
("Hybrid Red") leaf biomass was significantly affected by all 
salinity levels above 1 ppt.
In general the responses of the hybrids to salinity did 
not indicate an inferior response when compared with the 
parental species. The data clearly demonstrate that at the 
very least the hybrids are intermediate between the two 
parental species. This supports what was found in other 
experiments with these hybrid types (Chapters I-III). The
available data indicates that hybrids are generally 
intermediate to the parents in salt tolerance, shade 
tolerance, competitive performance, and have distinctive 
vegetative charateristics.
Chapters X and IX suggested that the hybrid zone appears 
to represent a narrow ecotone between the habitats of the 
parental species. This ecotone separates the freshwater 
marsh, a region of high light intensities and intense 
competition, from the swamp or bayou, a region of lower light 
intensities and lower competition. The analysis of the 
available data indicates that the ecotone may either 
represent a region where (1) The hybrids have a superior 
fitness compared to the two parents for a narrow range of 
environmental conditions or (2) The hybrids have a similar 
fitness to the parental species within that ecotone and may 
persist due to micro-habitat variation. Hybrid inferiority 
is not consistent with the available data.
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Table 1. A One-Way Analysis of Covariance of the effects of 
soil water salinity level on the In (total biomass) of Iris 
taxa.
Source df SS MS F P
Treatmentsa 19 24 .277 1.278 21.268 0.001
Covariant 1 0.137 0.137 2.315 0.131
Error 79 4.669 0.059
a Treatments were Iris fulva, Iris hexacrona. "Hybrid
Purple," and "Hybrid Red" grown in 0 ppt (control) , 1 
ppt, 3 ppt, 6 ppt, and 9 ppt salinity levels, 
b Covariant was the initial weight of rhizomes before 
planting.
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Table 2. Nineteen Post-ANOVA Contrast3 statements testing 
the differences between treatments for In{total biomass) and
J bjy^JLs===i!ii3 33 l l^ 2 ^ n x E = = s s s = ^ = a s s o e n s « r = = = 3 =
In (total biomass) fleaf_.biomass+l) 
Treatment^ Contrasts df______ F  P__________ F_________P
IF cont vs IF 1 ppt 1 0.373 0.543 0.262 0. 610
IF cont vs IF 3 ppt 1 0.367 0.546 0.142 0.707
IF cont vs IF 6 ppt 1 12.559 0.001 7.414 0.008
IF cont vs IF 9 ppt 1 88.831 0.001 12.734 0.001
IH cont vs IH 1 ppt 1 0.399 0.529 1.620 0.207
IH cont vs IH 3 ppt 1 1.976 0.164 11.696 0.001
IH cont vs IH 6 ppt 1 0.086 0.770 5.151 0.026
IH cont vs IH 9 ppt 1 27.096 0.001 30.223 0.001
HP cont vs HP 1 ppt 1 1.322 0.254 0.189 0.665
HP cont vs HP 3 ppt 1 0. 011 0.917 3.4 65 0.066
HP cont vs HP 6 PPt 1 3.183 0.078 10.4202 0.002
HP cont vs HP 9 PPt 1 12.343 0.001 27.362 0.001
HR cont vs HR 1 PPt 1 0.009 0.923 2.332 0.131
HR cont VS HR 3 PPt 1 0.165 0.686 9.849 0.002
HR cont VS HR 6 PPt 1 5.571 0.021 24.061 0.001
HR cont VS HR 9 PPt 1 17.404 0.001 43.822 0.001
IFc X IF9 vs IHc X IH9C1 106.071 0.001 6.375 0.014
IFc X IF9 vs HPc X HP9 1 82.349 0.001 38.534 0.001
IFc X IF9 vs HRc X HR9 1 90.816 0.001 51.784 0.001
a Contrast statements were made a priori and equal to the 
degrees of freedom of the main effect (Treatment). 
b Treatments were JL. hexagona (IH) , fulva (IF), "Hybrid 
Purple" (HP), and "Hybrid Red" (HR) grown at 0 ppt (control), 
1 ppt, 3 ppt, 6 ppt, and 9 ppt salinity levels. 
c Contrast compares IF biomass reduction from control to 9 
ppt with that of IH biomass reduction from control to 9 ppt.
Table 3. A One-Way Analysis of Covariance of the 
effects of soil water salinity level on the (leaf 
b i o m a s s + 1 ) o f  Iris taxa.
Source df SS MS F P
Treatments9 19 105.233 5.539 16.618 0.001
Covariant 1 0.032 0.032 0.096 0.757
Error 79 26.330 0.333
a Treatments were Iris .fulva, Iris hexagona. "Hybrid 
Purple,” and "Hybrid Red" grown in 0 ppt (control), 1 
ppt, 3 ppt, 6 ppt, and 9 ppt salinity levels, 
k Covariant was the initial weight of rhizomes before 
planting.
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Fig. 1. Salinity effect on In(total biomass) (g dry wt) 
of I* ful-va, JU. hexagona. "Hybrid Purple," and "Hybrid Red." 
The salinity levels were 0 (control), 1, 3, 6, 9 ppt.
Vertical bars represent one standard error.
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wt) of L. fulva, JL. hexagona. "Hybrid Purple," and "Hybrid 
Red." The salinity levels were 0 (control), 1, 3, 6, 9 ppt. 
Note that JL*. fulva in the 9 ppt did not have any live leaf 
biomass. Vertical bars represent one standard error.
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SUMMARY
The data presented In this dissertation supports the 
hypothesis that Iris fulva. Iris hexagona, and their natural 
hybrids occur along a complex environmental gradient. Each 
of the taxa appears to be adapted to different habitats.
Iris fulva seems to be adapted to the shaded environment of 
the natural levee, while I . hexagona appears to be adapted to 
the more open habitat of the freshwater marsh. The hybrids 
created by these species appear to be adapted to their own 
environment, the ecotone (hybrid zone) separating the 
parental habitats.
In Chapter I, it was found that Iris fulva in its habitat 
had less ramet rhizome growth, new ramet production, and 
survival (ramets and clonal fragments) than I. hexagona had 
in its habitat. These differences were further confirmed in 
Chapter II under uniform conditions. In Chapter II, it was 
found that I . fulva is more shade tolerant than I. hexagona. 
Additionally, I . fulva grew as well in moderate shade as in 
full sunlight. The analysis of competitive ability of these 
taxa in Chapter III revealed that I. fulva is generally a 
weaker competitor than either I. hexagona or the "Hybrid 
Purple." Furthermore, comparing estimates of reproductive 
fitness (ERF) in Chapter I there was little difference 
between the two species.
The above information can be utilized to characterize 
the niche differentiation between the species. Iris fulva
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appears to have adapted to a less productive environment 
(heavy shade), while I . hexagona occupies a more open and 
productive habitat (borders of marshes). All available 
evidence suggests that I. fulva is physiologically capable of 
growing at least as well in the more productive conditions 
that I . hexagona occupies. Results presented indicate that 
the smaller of the two species, I. fulva. with its greater 
shade tolerance, weaker competitive ability, reduced clonal 
growth, and less salt tolerance would be displaced by 
I . hexagona from the more productive habitat and confined to 
the more shaded habitat. Furthermore, in terms of the 
understory herb community, the more shaded habitat of the 
natural levee would have less competition, especially from 
I . hexaaona which is not shade tolerant. The larger species, 
I. hexaaona. however, with its greater clonal growth, 
competitive ability, and salt tolerance but lesser shade 
tolerance is confined to the more open habitats of the 
freshwater marshes. Thus, I suggest that these two species 
have broadly overlapping fundamental niches but little 
overlap in realized niches.
Concerning the question of why hybrid populations persist, 
the data presented in these chapters indicates that the most 
important factor is a high rate of survival of clonal 
fragments and ramets. The estimates of reproductive fitness 
for hybrids were significantly lower than those observed for 
the parent species but sufficiently high enough to contribute 
new hybrid individuals to the population. This would be
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especially important when it is evident that clonal growth is 
an important factor in the maintainance of these taxa within 
their respective habitats.
Experimental analysis of the abiotic factors affecting 
the zonation of the hybrid taxon demonstrated that the 
hybrids were generally intermediate. From the analysis of 
shade tolerance of these taxa in Chapter II, it was found 
that two hybrid types ("Hybrid Red" and "Hybrid Purple") were 
intermediate to the parental species in their shade 
tolerance. Other experimental studies have also shown 
"Hybrid Purple" to be intermediate to the parent taxa in 
general size (see Chapters II, III, and IV). In the analysis 
of the competitive performance of taxa under controlled 
conditions, I found that "Hybrid Purple" was a better 
competitor than I. fulva and equally competitive with 
I . hexaaona on a variety of soil types (Chapter III). Taken 
together, these data indicate that "Hybrid Purple" 
demonstrates characteristics that are distinctive and cannot 
be considered inferior to the parental species. "Hybrid 
Purples" were generally intermediate in their responses to 
the abiotic factors (shading, competitive ability, and salt 
tolerance) that had been suggested as a basis of zonation of 
the parental taxa. Therefore, the hybrids may be adapted to 
their own niche along the environmental gradient. The hybrid 
zone may represent an area where as one moves from the shaded 
habitat of the natural levee to the more open habitat of the 
freshwater marsh there is an ecotone where the required
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combination of shade tolerance, competitive ability, and salt 
tolerance would favor the hybrid taxon.
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